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PURPOSE OF THE RESEARCH
Much confusion exists in the literature as to the 
exact constituents present in a large number of crude drugs. 
Aloe is one example of such a drug. The uncertainty of its 
constituents has been manifested by the conflicting reports 
of a number of authors and investigators.
Modern research techniques such as chromatography, 
electrophoresis and ion exchange have seldom been employed 
as a means of analysis of aloe. Of the above mentioned an­
alytical techniques, only column chromatography has been 
utilized for the study of one species of aloe (Curacao). 
Paper chromatography, a less laborious and a less time con­
suming technique, has never been applied to the study of 
aloe. It was thought that this simple chromatographic 
procedure might shed some light upon the medicinal constitu­
ents present in aloe, and make it possible to arrive at a 
quantitative evaluation of a few or all the active con­
stituents contained.
Three species of aloe are officially recognized in the 
U.S.P. XIV. These are: Curacao, Cape and Socotrine aloes.
In the main, the purpose of this investigation was to com­
pare these species qualitatively and quantitatively by 
utilizing paper chromatography.
Included in this investigation also, was a study of the
effect of some selected surface active agents on the
iii
extraction of Cape aloe. Some recent literature reports 
have shown surface active agents to be effective in enhanc­
ing the extraction of the constituents of crude drugs. A 
preliminary study conducted at the research laboratories 
of the College of Pharmacy of The Ohio State University 
stimulated the possibility of utilizing these agents in 
the extraction of aloe. It was the purpose of this phase 
of study, therefore, to provide experimental data so that 
the true effect of surface active agents in this type of 
an extraction could be evaluated.
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INTRODUCTION
(1) Aloe as a Medicinal Plant
Aloe is native to the old world, being primarily 
African* It has been known and used medicinally since 
antiquity. Knowledge of the laxative property of the bitter 
resinous juice in the leaves of this succulent dates back 
to the days of classic Greece (as early as the 4th Century). 
Curiously enough, "the Father of Medicine,” Hippocrates 
(5th Century B*C*) dxd not speak of it, and it seems im— 
probable that he did not know of it, if it had been in gen­
eral use among his contemporaries (1).
The earliest medical writer to mention aloe was 
Dioscorides, a Greek physician of the first century A.D*, 
though its use must have been established among the Greeks 
considerably earlier than this. Galen, Celsus and Pliny 
were also familiar with aloe, and it is said that Aristotle, 
himself, persuaded Alexander the Great to conquer the is- 
land of Socotra, which was primarily a source of choice 
drug aloe. Alexander the Great commanded the careful pre­
servation of the plant yielding aloe because, without it, 
certain sovereign remedies could not be compounded (2).
Aloe was a favorite drug with the Arabian physicians; 
they passed the Greek and Roman formulas for aloetic
Socotra is in the Arabian Sea, 200 kilometers from the 
Eastern most extension of the African continent*
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2compounds, together with some new ones, on to the doctors of 
the Middle Ages. They were, therefore, the distributors of 
knowledge concerning the medicinal virtues of aloe. Mesue, 
the Arabian pharmaceutical writer, who died about 1023 A.D., 
and Ibn Baitar (1197-124$) spoke of Arabia as a commercial 
source of the drug aloe (3)«
In the 16th Century the aloe plant was introduced into 
the West Indies and was especially dwelt upon by Ligon as 
having occurred in Barbadoes as early as 1650, which is only 
20 years after the English came into possession of this 
island. It soon became an article of export, appearing in 
London markets in 1693* Curacao aloe was known in the 
Dutch market in 1$47» and appeared in the English market 
for the first time as late as about 1376 (3)»
The manufacture of aloe in the Cape Colony of South 
Africa was observed by Thunberg in 1773 on the farm of a 
Boer named Peter De Wett, who was the first to prepare the 
drug in that country. It has been an article of export 
since that date (4)*
Although aloe preparations have been used therapeutical 
ly since antiquity, the first well authenticated prepara­
tion of aloe is the famous MElixir Proprietatis’1 of Paracel­
sus, which according to him would prolong life to its utmost 
limits. Though Paracelsus did not deign to divulge the 
composition of this wonderful remedy, it became known
through one of his disciples, Ostwald Crollius, who pub­
lished the formula of it, which ultimately became the 
Tincture of Aloe and Myrrh (5).
Aloe has been held in high esteem since it became 
official in the U.S.P. in 1S20. Most of its preprations, 
however, were doomed to deletion due to their unpleasant­
ness, Aloe Tincture being the sole N.F. survivor.
The aloe plants belong to the Liliaceae family. They 
are typical perennial xerophytes with fleshy, strongly 
cularized leaves, which are usually spiny at the margin. The 
genus Aloe takes its name from the Arabic word "alloeh" 
meaning a shining bitter substance (6). There are about 
160 species of Aloe known, most of which are indigenous to 
Africa. Many have been introduced into the East and West 
Indies and Europe. The United States Pharmacopoeia (7)> 
however, recognizes three species only. These are:
(1) Aloe Perryi Baker, which yields Socotrine aloe. It 
is a perennial herb indigenous to the Island of 
Socotra, Eastern Africa and Arabia. It has a stem 
about 10 - 25 cm. high and 5 cm. in diameter, 
which bears a dense rosette of pale green or red­
dish lanceolate leaves with marginal spines. The 
leaves are 30 - 40 cm. long and from 5 - 7  cm. in 
’iameter at the base. The flowers of the plant 
turn from reddish to yellow on maturation. The
species name "Perryi” is in honor of Wykeham Perry 
who made extensive studies on the plant (6).
(2) Aloe barbadensis Miller (Aloe. vera ,lLinnetl)> "the 
source of Curacao aloe is indigenous to North 
Africa but is cultivated in the West Indies. It 
has a stem about 30 - 60 cm. high bearing glaucous 
green leaves, flat on one surface and convex on 
the other. The leaves are about 15 - 30 cm. long, 
with distinctly arranged spines perpendicular to 
the margin. The flowers are yellow.
Aloe vulgaris Lamarck and Aloe officinalis 
Forskal are two other names for Aloe barbadensis.
Aloe chinensis Baker, a variety of Aloe vera 
was introduced into Curacao from China in 1617 by 
W. Anderson. Its leaves are shorter than those of 
Aloe vera and are spotted on the dorsal surface.
The species name 11 vera” is from the Latin 
nverus,” meaning true (6,9).
(3) Aloe ferox Miller (ferox is from the Latin mean­
ing wild or ferocious) and hybrids of this species 
with Aloe efricana Miller and Aloe spicata Baker 
(spicata refers to the flowers in spikes), which 
yields Cape aloe is the loftiest of the whole 
genus. It sometimes attains a height of nearly 
20 feet. It bears a dense rosette of leaves and
whitish flowers. The leaves are about 15 - 16 cm. 
long and bear prickles at their margin and on both 
dorsal and ventral surfaces.
Aloe africana Miller and Aloe spicata Baker 
are tree-like arborescent species which are natives 
to South Africa, where they readily hybridise with 
Aloe ferox (3,9).
The aloe plants secrete a thin watery juice in thin- 
walled tubular cells which run lengthwise through the super­
ficial portions of the leaves accompanying the vascular 
bundles. This juice is distinct from the thick mucilagin­
ous juice which fills the parenchyma cells. In the prepara­
tion of the drug, the leaves are cut off the plants, close 
to the stem, after the close of the rainy season, and are 
stood with the cut end down in a v-shaped trough or other 
container. The aloetic juice is drained out without pres­
sure through an aperture at the lower end.of the trough into 
a receptacle placed underneath. When a sufficient quantity 
has been collected it is evaporated to the consistency of a 
soft extract. This evaporation is conducted either by expos­
ure to sun and air (giving a bright and shining appearance 
to aloe) or by the use of artificial heat (giving a dull 
product). While still soft the aloe is poured into con­
tainers where it hardens and in which it is shipped (6).
In addition to being a cathartic, aloe has been used in 
the treatment of burns and wounds. The freshly split leaves 
of aloe or their juice have been used in the treatment of 
x-ray burns, dermatitis and various ulcerated conditions of 
the skin with beneficial results.
(2) Review of the Literature
(A) Constituents of Aloe
The most important constituent of aloe is aloin, 
which was first crystallized and named by Edinburgh Apothe­
caries Th. and H. Smith in 1&51 (11)• Aloins from Curacao, 
Cape and Socotrine aloes are identical chemically, but vary 
slightly in their physical properties.
Aloin crystallizes with three molecules of water, which 
may be removed by drying at 110° in a current of hydrogen. 
When dry, it is very hygroscopic. It forms pale yellow 
needles, whose melting point varies according to the source 
of aloe. The melting points of water-free aloins are given 
by Tschirch (12) as 147° for Curacao and Cape aloes and 157° 
for Socotrine aloe.
The structure of aloin has been the subject of numerous 
investigations. Its anthraquinone glycosidal nature has been 
proven on many occasions. It has been shown that by long 
standing of an alcoholic solution (13), or by the action of 
alcoholic hydrochloric acid (14), or by the passage of air 
through an alkaline solution of aloin (13), or by the action
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of sodium peroxide (16), aloe-emodin is split off.
It has also been demonstrated that a pentose is liber­
ated when aloin is treated with sodium peroxide. Also, by 
treatment of aloin with hydrogen chloride in alcoholic solu­
tion, a crystalline decomposition product and a sugar were 
shown to be formed (17). Leger (IS) in 1910, established 
arabinose as the pentose yielded on the hydrolysis of aloin, 
and he promulgated the formula, for the pentoside
aloin.
The term aloin used by these early investigators is 
not synonymous to or identical with the official aloin of 
the U.S.P. XIV. The term aloin adhered to in this discus­
sion refers to the glycoside barbaloin which on hydrolysis 
yields aloe-emodin and arabinose. The U.S.P. aloin refers 
to a mixture of active principles obtained from aloe which 
varies in chemical composition and in physical and chemical 
properties according to the variety of aloe from which it 
is obtained.
Hauser (3-9) in 1931» pointed out that a solution of 
aloin and borax becomes deep red on heating and gives a 
green fluorescence. Such reactions are characteristic of 
anthranols (20). On heating the borax solution for some 
time and acidifying, Hauser obtained a product which he 
regarded as an aloe-emodin-anthranol and, which on oxidation, 
yielded aloe-emodin. Aloe-emodin-anthranol, Hauser cites,
sis tautomeric with the corresponding anthrone. Cahn and 
Simonsen (21) repeated Hauser^ work and found that methyl 
alcohol as well as the anthranol was formed on the borax 
hydrolysis of aloin. They explained this by formulating 
aloin as a tetrahydro-anthraquinone derivative.
Rosenthaler (22,23) found that the yield of the agly- 
cone aloe-emodin-anthranol obtained by splitting aloin with 
the borax (Hauser*s Method) was very poor. Starting with 
the assumption that this poor yield was due to the decom­
position products of the carbohydrate component, he carried 
out the hydrolysis in the presence of phenylhydrazine and 
succeeded in obtaining better yields. The aloe-emodin- 
anthranol prepared had the empirical formula C_ o0. which
JL5 ±2 Hr
corresponded with that derived from the equation:
C20H20°8 + h2° s c15h12°4 + C5H10°5
Aloin Aloe-Emodin- Arabinose
Anthranol
This equation differs from that given by Leger (IS). From 
Rosenthaler1s equation the probable constitution for aloin 
was formulated:
9HO OH
aAa
CHrjOH
2
CH -  (CH2OH)2 -  CH -  CHgOH
The formula was in agreement with the acetyl determinations. 
It was also confirmed by the conversion of aloe-emodin- 
anthranol into a l:d dihydroxy-methyl anthranol triacetate.
Thomas F. McDonnell and John H. Gardner (24) stated 
that two possible anthranols are derivable from aloe-emodin 
(Formula I); these are the 9 - anthranol (Formula II) and 
the 10 - anthranol (Formula III). They felt that the 
determination of the structure of the product obtained by 
Hauser1s method would be of importance in the elucidation 
of the structure of aloin and was, therefore, the object of 
their investigation. They were able to prove that the 
product obtained from aloin by hydrolysis with an aqueous 
solution of borax was: 1,S dihydroxy - 9 anthranol - 3 -
carbinol.
10
A CH20H
HO OH OH
y^A// CHgOH 
OH0
Formula I Formula II Formula III
In aloe, aloin is associated with other related sub­
stances. An isomer, iso barbaloin, is found in Curacao 
aloe, in very small amounts in Socotrine aloe, and not at 
all in Cape aloe (11). Leger (25) presented evidence that 
the common varieties of aloin are mixtures of 2 isomers, 
barbaloin and isobarbaloin. He stated that the isomers re­
semble each other closely in most of their properties.
Hauser (19) in his original article suggested that bar­
baloin and isobarbaloin might be derived from the two iso­
meric aloe-emodin-anthranols. If this view were correct, 
isobarbaloin should yield aloe-emodin - 10 - anthranol 
(Formula IIJ ;above) on hydrolysis. In order to check this 
hypothesis, Gardner and Joseph (26) proceeded as follows: 
commercial aloin was fractionally crystallized from methyl 
alcohol, giving four fractions. The two least soluble frac­
tions were combined and freed of isobarbaloin by further
L
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treatment with methyl alcohol (isobarbaloin is much more 
soluble in methyl alcohol than barbaloin). The barbaloin and 
isobarbaloin so obtained were hydrolyzed with aqueous borax 
solution, purified and then reduced with stannous chloride, 
tin and hydrochloric acid to the corresponding chrysophanic 
acid anthranol, and finally acetylated. The final product in 
both cases proved to be chrysophanic acid - 9 - anthranol tri­
acetate, identical with the compound synthesized by Naylor and 
Gardner (27). This demonstrated conclusively that both barba­
loin and isobarbaloin yielded aloe-emodin - 9 - anthranol 
(Formula II, page 10) on hydrolysis with aqueous borax,show­
ing that the structural differences between the two must be 
accounted for on some other basis than a difference in the 
anthracene nucleus.
Another companion compound of aloin is the non-crystal- 
lizable ^ -barbaloin, an optical isomer of barbaloin, from 
which Leger prepared a crystalline tetrachloride. barba­
loin has been reported to occur in Cape and not in Curacao 
aloe (10,11). The aglycone of ^ -barbaloin has never been 
established so far.
The resinous material in aloe consists chiefly of a re-
sinotannol ester of cinnamic acid (Curacao aloe) or of a re-
sinotannol ester of para- cumaric acid (Cape aloe). A pale
yellow volatile oil may be obtained by distillation with 1%  
KOH solution. The oil imparts the characteristic odors to the 
different varieties of aloe and its composition varies (11).
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Although dried aloe and its constituents have been the 
subject of numerous investigations, little work has been 
done on the fresh aloe leaf. Chopra and Ghosh (28), in 
1938, working on fresh Aloe vera leaf, reported the presence 
of a trace of volatile oil, non-volatile oil, resin, gum, 
an anthraquinone compound and chrysophanic acid. These con­
stituents, plus aloin, are essentially all that have been 
found by previous investigations.
Tutin and Naunton (29) have stated that chloroform ex­
traction of Curacao aloe removes only aloe-emodin. Recently, 
Stone and Furman (30) substantiated Tutin and Naunton*s 
statement. Brody, Voigt and Maher (31), however, in a most 
recent publication, isolated two components (iso*-emodin and 
anthranol) in addition to aloe-emodin from chloroform 
extracts of Curacao aloe, utilizing column chromatography 
as the investigation tool. These components have been 
shown to exist either free or in glycosidalcombination from 
which they may be readily freed by acid hydrolysis. Brody 
et al showed also that under identical conditions extracts 
of the aloin they used gave the same components as Curacao 
aloe; Cape and Socotrine aloe extracts were not success­
fully differentiated on the chromatographic column they 
used (31)*
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(B) Evaluation of Aloe
For many years investigators have worked upon 
methods for the evaluation of aloe* These have included 
procedures for the chemical assay of the constituents of 
the drug as well as biological studies seeking to quantitate 
the cathartic activity. The methods recommended gave 
usually widely divergent results when applied to any one 
variety of aloe.
Among the first workers who attempted a quantitative 
evaluation of aloe was Kondracki (32). He emphasized 
moisture, ash, foreign matter, oleoresin content and aloin 
content as valuable factors in judging the quality of aloe.
Tilden (33) based his method of evaluation on the 
amount of aloin, isolated from aloe by means of extraction 
with boiling water containing hydrochloric acid, decantation 
of the solution from the resin and concentrating it to a 
small volume. This method was shown later to be an inaccur­
ate quantitative procedure, because all of the aloin was not 
extracted, and the contaminating resin was not easily com­
pletely removed*
Schafer (34) based his estimation of aloin in aloe on 
the fact that aloin, in ammoniacal solution, forms compounds 
with the alkaline earths, which are but slightly soluble, 
and from which the aloin can be recovered on treatment with 
an acid. It was later shown, however, that the precipitate
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appeared to include an appreciable amount of resin which 
would tend to make the results high.
Leger (35) recommended the following method for the 
determination of aloin. Aloe was refluxed with a mixture of 
chloroform and methyl alcohol (3:1) for 4 hours. After set­
tling, the supernatant liquid was decanted and distilled 
and the residue taken up in absolute alcohol from which crys­
tals of aloin separated in 3 - 4 days.
Tschirch and Hoffbauer (36) also, proposed the deter­
mination of the active ingredients as the part soluble in a 
methanol-chloroform mixture. The active ingredients includ­
ed, not only aloin, but also other materials which have pur­
gative properties. The residue was regarded as worthless 
resin.
Krober (37) suggested a possible method for the quanti­
tative analysis of aloin in aloe, namely, the hydrolysis of 
the aloin with the splitting off of a pentose (arabinose), 
the conversion of the pentose to furfural and the precipita­
tion of the furfural by means of phloroglucinol. Gardner
(11), later utilized Krober’s method with slight modifica­
tions. If the molecular weight of aloin is taken as 402 
and that of arabinose as 150, the equivalent for converting 
arabinose to aloin becomes 2.630. The per cent aloin 
hydrolyzed was found by multiplying the weight of arabinose 
per Gm. of substance used by 2.63' x 100.
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Gronwold (3d), prepared tri and hexa acetyl derivatives 
of aloin. Later, Gardner (11), theorized the possibility of 
determining aloin by acetylization, whereby acetyl groups 
replace the hydroxyl groups found in the aloin molecule.
The precipitated acetyl derivative would be washed free from 
acetic anhydride, and the acetyl groups would then be liber­
ated as potassium acetate by refluxing with alcoholic KOH. 
Excess sulfuric acid would be added and the acetic acid dis­
tilled into a volumetric sodium hydroxide solution. The 
excess sodium hydroxide would be determined by titration with 
sulfuric acid. The amount of sodium hydroxide neutralized 
would indicate the number of acetyl groups introduced.
This proposed method was not studied further.
C. H. Briggs (39) experimented with the following method 
for the estimation of aloin. Aloe was dissolved in boiling 
water, 25$ acetic acid was then added, mixed and cooled. The 
mixture was filtered, lead acetate solution added and the 
mixture filtered again. The excess lead was removed from 
the filtrate with hydrogen sulfide and the solution filtered 
to remove the lead sulfide. An aliquot of the filtrate was 
concentrated to a small volume in a vacuum. The aloin was 
allowed to crystallize at room temperature and then in a 
refrigerator. The crystals were filtered from the solution 
and weighed. Smith, Jordan and Dekay (40) modified Brigg’s 
method slightly and adapted it for all species of aloe.
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Methods of analysis based on the determination of the 
water soluble glycosides are not the only ones appearing in 
the literature. Colorimetric methods of analysis have also 
been described.
Tschirch and Hoffbauer (36) have estimated aloin on 
the basis of the green fluorescence produced when borax is 
added to a solution of aloe. The variation in optical 
sensitivity of individual observers was pointed out to be 
an inherent difficulty of the method. Valaer and Mallory 
(41), based their chemical assay on the Borntrager reaction 
(42,43,44)* Vegetable drugs containing anthracene deriva­
tives (senna, cassia, cascara, frangula, rhubarb and aloe) 
respond all to the Borntrager test by means of which the 
anthracene derivatives are converted into free anthra- 
quinone compounds which give pink to red colors in alkaline 
solution. The details of the Borntrager test involve the 
maceration of the powdered drug with water for 2 hours, 
filtration, shaking the filtrate with benzene, separating 
the benzene layer and shaking it with ammonia T.S. A deep 
red or rose color is produced in the:' lower ammoniacal layer. 
Valaer and Mallory*s procedure was as follows: To determine
the free anthracene content, aqueous solutions of aloe were 
made acid, then extracted with ether and the ether extract 
made alkaline with ammonia whereby a red color develops.
To determine the total anthracene content a separate portion
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of aloe was hydrolysed with concentrated sulfuric acid and 
the same extraction procedure repeated. Under certain care­
fully observed conditions the depth of color was found to be 
directly proportional to the amount of anthracene deriva­
tives present. The Lovibondfs tintometer was depended upon 
for the standardization of the colors developed for their 
comparisons.
Forsdike (45), adapted a colorimetric assay for the 
analysis of aloe. His method was principally the same as 
that of Valaer and Mallory (41). ForsdikeTs modified colori­
metric assay procedure was utilized in the analysis of 
Cape aloe used during this investigation and will be dis­
cussed in detail later.
Stone and Furman (30), proposed a polarographic method 
for the estimation of aloe-emodin and aloin in Curacao 
aloe. Their analysis of aloe-emodin was based upon the pre­
mise that a chloroform extract of aloe removes only aloe- 
emodin. The results of the polargraphic method were com­
pared with a colorimetric method b&sed on the absorptance 
of a chloroform extract of Curacao aloe.
Brody, Voigt and Maher (31), recommended a method of 
evaluating Curacao aloe, based upon the chromatographic 
resolution of the free and combined extracts of the anthra­
cene derivatives on a magnesia-celite column. The adsorbed 
bands were then eluted, their transmittancy measured spec- 
trophotometrically and the concentration read by reference
id
to a calibration curve of aloe-emodin.
Chromatography, in general, has seldom been employed 
in the analysis of the anthracene bearing drugs. Only 
the following papers concerning the chromatographic study 
of the anthracene drugs could be encountered in the litera­
ture. Ernst and Weiner, as discussed by Zechmeister and 
Cholnoky (47), were the first to study extensively the 
anthracene drugs by means of chromatography. The resolution 
of an alcoholic extract into anthraquinone and anthranol 
layers was accomplished for ten anthracene-bearing drugs.
In 1947, Gibson and Schwarting (4&), successfully iso­
lated and analyzed the tri-hydroxy-methyl anthraquinones of 
cascara sagrada, separating three isomers on a magnesia-celite 
column.
Later, Brody, Voigt and Maher (31), adapted chromato­
graphy to the isolation and purification of the anthracene 
derivatives of Curacao aloe.
Shibata, Takido and Tanaka (49), applied paper parti­
tion chromatography to the separation and identification 
of pure anthracene pigments. Later (50), the first two re­
searchers evaluated rhubarb from Chinese, Korean, Japanese 
and European sources, both qualitatively and quantitatively, 
by means of paper chromatography.
The gravimetric and chemical methods of analysis applied 
have, in general, proved to be inadequate and the necessity
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for biological assay has always been evident. While a num­
ber of such bioassay methods have been satisfactorily de­
vised to the s tudy of a number of drugs containing anthracene 
derivatives, no simple satisfactory method exists for the 
bioassay of aloe. Recently, Latven, Sloane and Munch (1+6), 
developed a biological method of assay for aloe, which may 
enable further study of this drug to be made. The biologi­
cal evaluation was made on rats. The median defecatory dose 
(DD,.q) was determined by administration to a significant 
number of animals at several dosage levels; the consistency 
of the expressed fecal matter was determined eighteen hours 
later.
From the preceding literature review it can be seen 
that the chemical composition of aloe is by no means fully 
understood or sufficiently cleared up to permit its chemical 
evaluation. Hence, the official quality of aloe is estab­
lished on the basis of the water soluble extractives.
Since the chemistry of aloe has not been definitely 
established, in spite of the voluminous contributions of 
many investigators, the need for more analytical data con­
cerning aloe was, therefore, evident. Furthermore, the pre­
vious review revealed that most of the work was conducted 
almost entirely on Curacao aloe. Cape and Socotrine aloes 
have seldom been studied or investigated for their constit­
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uents. The current investigation was undertaken to ascer­
tain the constituents present in the official species of 
aloe, and to quantitate the active constituents, utilizing 
paper chromatography as the technique of research. As far 
as the author could determine, paper chromatography has 
never been resorted to in the analysis of aloe. Hence, the 
present investigation will be the first known attempt to 
analyze aloe by the use of paper chromatography.
Aloe U.S.P. (7)
Aloe is defined officially as the dried juice of the 
leaves of Aloe Perryi Baker, known in commerce as Socotrine 
Aloe, or of Aloe barbadensis Miller (Aloe vera ,fLinnel,T), 
known in commerce as Curacao Aloe, or of Aloe ferox Miller 
and hybrids of this species with Aloe africana Miller and 
Aloe spicata Baker, known in commerce as Cape Aloe (Fam. 
Liliaceae)•
The U.S.P. offers the following description for Aloe:- 
Unground Socotrine Aloe: Unground Socotrine Aloe oc­
curs in reddish black to brownish black, opaque, smooth, 
and glistening masses. Its fractured surface is somewhat 
conchoidal. It has a characteristic odor.
Unground Curacao Aloe; Unground Curacao Aloe occurs 
in brownish black, opaque masses. Its fractured surface 
is uneven, waxy, somewhat resinous. It has a characteris­
tic, disagreeable odor.
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Unground Cape Aloe: Unground Cape Aloe occurs in dusky
to dark brown irregular masses, the surfaces of which are 
often covered with a yellowish powder. Its fracture is 
smooth and glassy. Its odor is characteristic, somewhat 
sour and disagreeable.
The taste of each variety of Aloe is nauseous and very 
bitter.
Powdered Aloe: Powdered Aloe is yellow, yellowish
brown to olive brown in color. When mounted in a bland ex­
pressed oil, it appears as greenish yellow to reddish brown 
angular or irregular fragments, the hues of which depend to 
some extent upon the thickness of the fragments.
Aloe is identified by four ways:
A - Powdered Aloe dissolves in nitric acid with efferves - 
cence, forming a reddish brown to brown or green solu­
tion.
B - Intimately mix in a flask or bottle 1 Gm. of finely
powdered Aloe with 25 ml. of cold water, shake the mix­
ture occasionally during 2 hours, transfer it to a 
filter, and wash the filter and residue with sufficient 
cold water to make the filtrate measure 100 ml; the 
color of the filtrate, viewed in the bulb of a 100 ml. 
volumetric flask, is dark yellow with Socotrine Aloe, 
dark orange with Curacao Aloe, and greenish yellow 
with Cape Aloe. The filtrate darkens on standing.
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C - To 5 ml. of the filtrate obtained in Identification test
B, add 2 ml. of nitric acid: the mixture is of an orange
yellow color with Socotrine Aloe, a reddish orange color 
with Curacao Aloe, and a reddish brown color which 
changes rapidly to green with Cape Aloe.
D - To 5 ml. of the filtrate obtained in Identification test
B, add 45 cc. of water and 20 ml. of a solution of sod­
ium borate (1 in 20): the mixture develops a greenish
yellow or yellowish green fluorescence, and upon stand­
ing acquires a moderate yellowish orange to brown color.
Aloin U.S.P. (7)
Aloin is a mixture of active principles obtained from 
aloe. It varies in chemical composition and in physical 
and in chemical properties according to the variety of aloe 
from which it is obtained.
It occurs as a lemon yellow to dark yellow, microcrys­
talline powder, or as minute crystals. It is odorless, or 
has a slight odor of aloe. Its taste is intensely bitter. 
Aloin darkens on exposure to light and air. A saturated 
solution of Aloin is yellow but becomes brown on standing.
Its solutions are neutral or acid to litmus paper.
Aloin is soluble in water, in alcohol, and acetone, the 
degree of solubility varying with its compsotion. It is 
slightly soluble in ether.
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Aloin can be identified in either of two ways:
A - Aloin is soluble in ammonia T.S. and in solution of 
alkali hydroxides, forming red solutions (or yellow 
solutions that become red} having a green fluorescence. 
B - To an alcohol solution of Aloin, add^a drop of ferric 
chloride T.S.: a brownish green color is produced.
2U
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EXPERIMENTAL
Source of Supply of Aloe and Aloin:
Cape aloe and aloin used during this investigation were 
in stock in the laboratories of the College of Pharmacy of 
The Ohio State University, Columbus, Ohio. Curacao and 
Socotrine aloe were purchased from S. B. Penick and Company, 
New York, New York. All drug samples were available in pow­
dered form. They conformed with the U.S.P. XIV description 
and responded to the identity tests cited previously.
Moisture Determination:
The moisture content was determined by the U.S.P. XIV 
method for drugs containing no volatile principles at 100°C. 
Ten grams of each sample were placed in the Brabender Semi 
Automatic Moisture Tester No. 75#, type FD3 , and dried at 
100°C. After five hours of drying, the samples were checked 
for percentage of moisture lost. The drying and checking 
were continued at one-hour intervals until two consecutive 
readings differed by less than 0.25 per cent.
TABLE I
Percentage of Moisture
Curacao aloe 
Cape aloe 
Socotrine aloe
6.4
4.5 
4.2
25
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All samples were within the limits specified for aloe 
U.S.P. XIV, which states that not more than 12 per cent 
moisture may be present.
The purpose of performing the moisture determination 
was to obtain the percentage of moisture so that succeed­
ing calculations could be made on a dry weight basis.
Determination of Water Soluble Extractive:
a. By U.S.P. XIV Method (7)
Two grams of each sample, accurately weighed, were 
macerated in about 70 ml. of distilled water in a suitable 
flask. The mixture was shaken during £ hours at 30 minute 
intervals and then allowed to stand for 16 hours without 
shaking. It was then filtered and the flask and residue 
washed with small portions of distilled water, passing the 
washings through the filter, until the filtrate measured 
100 ml. A 25 ml. aliquot of this filtrate was evaporated 
to dryness in a suitable tared dish on a water bath and 
dried at 110® to constant weight. The percentage of this 
extractive was calculated from the weight of the sample 
taken. The moisture content was considered in calculating 
for the amount of water soluble extractive of the samples. 
The results appear in Table II.
b. By British Pharmacopoeia 1953 Method (51)
One gram, finely powdered, was shaken with 50 ml. of 
distilled water at 60° in a stoppered flask until dissolved
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TABLE II
Determination of Water Soluble 
Extractive by U.S.P. XIV Method
Percentage of Water 
Aloe Soluble Extractive
Curacao
Sample (1) 
Sample (2) 
Sample (3)
50. 07
51. 19 
SI. 40
Average S0.S9
Cape
Sample (1) 
Sample (2) 
Sample (3)
71.92
69.92 
6S.2S
Average 70.04
Socotrine
Sample (1) 
Sample (2) 
Sample (3)
41.90
41.92
42.02
Average 41.95
2$
as completely as possible* This mixture was cooled, di­
luted to 100 ml. with distilled water and shaken again. It 
was then set aside at room temperature overnight. One gm. 
of kieselguhr was added, the mixture shaken well and filter­
ed. Twenty-five ml. of the filtrate was transferred to a 
tared dish, evaporated to dryness, the residue dried at 
100° for three hours, and weighed. The results appear in 
Table III; the moisture content being also considered in 
the calculation.
The U.S.P. XIV requires aloe to yield not less than 
50 per cent of water-soluble extractive, when determined 
by its official method.
The B.P. 1953 requires aloe to yield not less than 
75«0 per cent of water-soluble extractive, when determined 
by its official method.
Curacao and Cape aloe were within the limits specified 
for aloe U.S.P. XIV and aloe B.P. 1953. Socotrine aloe, 
however, did not comply with the official requirements for 
water-soluble extractive in either of the official texts.
Preparation of Authentic Specimens of Some Anthracene 
Derivatives ""
The nature of the investigation undertaken here, 
necessitated that some known pure samples of anthracene 
derivatives be available. Accordingly, the following com­
pounds were prepared.
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TABLE III
Determination of Water Soluble 
Extractive by B.P. 1953 Method
Aloe
Curacao
Sample (1) 
Sample (2‘ 
Sample (3
Average
Percentage of Water 
Soluble Extractive
#2.17
$2.62
$2.17
$2.32
Cape
Sample [1 
Sample (2 
Sample (3
Average
$3.2$ 
$2.56 
$3 >37
$3.07
Socotrine
Sample (lj 
Sample (2] 
Sample (3
Average
44.56 
44 >54 
44.77
44* 62
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a* Aloe-Emodin:
Aloe-emodin was prepared according to the method of 
Cahn and Simonsen (21). A mixture of aloin (10 grams), fer 
ric chloride (50 grams) and water (150 ml.) was refluxed 
for 6 hours. The brown solid which separated from the 
cooled solution, was collected, dried and extracted with 
boiling toluene, and on cooling aloe-emodin crystallized 
as orange needles. The aloe-emodin was further purified 
by sublimation under vacuum. The melting point of aloe- 
emodin prepared according to this method was 220 - 222°. 
Cahn and Simonsen listed a M.P. of 213°.
b. Aloe-Emodin-Anthranol:
Aloe-emodin-anthranol was prepared according to 
Hauser*s method (19). Ten grams of aloin and 10 grams of 
borax were dissolved in 100 ml. of distilled water, heated 
to boiling and maintained during half an hour with agita­
tion at this temperature. The original yellow solution 
turned darker (became deep brown) and exhibited a strong 
green fluorescence. The mixture was cooled and acidified 
with concentrated hydrochloric acid where a dark brown 
precipitate formed. The precipitate was washed acid free 
and air dried. The precipitate was boiled with benzene to 
extract a substance crystallizing in pale yellow needles. 
These needles were recrystallized repeatedly from glacial 
acetic acid. They were found to melt at 196°. Hauser
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gave a m.p. of 194° - 195° • Sublimation under vacuum, 
changed the chemical entity of the compound. This chemical 
change was proven by infra red analysis of the sublimed com­
pound. Accordingly, purification of aloe-emodin-anthranol 
by vacuum sublimation is not recommended,
c. Chrysophanic Acid:
Chrysophanic acid was prepared according to the method 
of John H. Gardner (52).
Preparation of Chrysophanic Acid - 9 - Anthranol Triacetate:
A mixture of 25 grams of chrysarobin, 100 grams of
/
stannous chloride, 75 grams of 20-mesh granulated tin and 
1000 ml. of glacial acetic acid was boiled under a reflux 
condenser for four hours. During the first two and one-half 
hours, 400 ml. of concentrated hydrochloric acid was added 
in small portions." The mixture was cooled and filtered.
The reduced chrysarobin thus obtained was sucked as dry as 
possible on the filter and was used without further puri­
fication.
The reduced chrysarobin was boiled under reflux with 
375 ml. of glacial a cetic acid and 375 ml. of k-8% hydro- 
bromic acid for 15 hours. After cooling, the mixture was 
filtered and the residue dried at room temperature.
The dried residue was mixed with 25 gm* of anhydrous 
sodium acetate and 275 ml* of acetic anhydride. The mixture
was boiled one hour and poured onto ice. After standing 
24 hours with occasional stirring, the residue was filtered 
out and dried at room temperature. It was then boiled 
with about 1000 ml. of glacial acetic acid, cooled, stirred 
and filtered. The residue was washed with glacial acetic 
acid until the washings were almost colorless. The compound 
had a M.P. of 235 - 237°• Gardner (52) gave a M.P. of 236 - 
241°.
Diacetyl Chrysophanic Acid:
To a solution of 6.5 gm. of chrysophanic acid - 9 - 
anthranol triacetate in 350 ml. of hot glacial acetic acid 
there were added 3 gm. of chromic acid in a 15 ml. mixture 
of water and acetic acid, in divided portions. The mixture 
was heated nearly to boiling for fifteen minutes. The mix­
ture was diluted to one liter with water and allowed to stand 
over-night. The product was filtered out and washed with 
water. The compound had a M.P. of 204 - 206°. Gardner (52) 
gave a M.P. of 205 - 206°.
Chrysophanic Acid:
Five grams of diacetyl chrysophanic acid were partly 
dissolved and partly suspended in 600 ml. of boiling ethyl 
alcohol. A solution of 3 grams of potassium hydroxide 
in 15 ml* of water was added and the mixture boiled three 
hours, after which 10 ml. of concentrated hydrochloric 
acid was added and the mixture allowed to stand overnight*
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The precipitate which formed was filtered out. It was a 
mixture of chrysophanic acid and potassium chloride.
The mixture was boiled with water and the chrysophanic acid 
filtered out.
The chrysophanic acid so obtained was found to be im­
pure. Vacuum sublimation followed by recrystallization 
from alcohol yielded a golden yellow product melting at 
194 - 196°. Gardner (52) gave a M.P. of 193 - 194°.
Naylor and Gardner (27) gave a M.P. of 195.6 - 196.2°.
Other investigators report slightly lower values.
d. Emodin:
Emodin was obtained according to the method of John 
H. Gardner (53).
Separation of Chrysophanic Acid - 9 - Anthranol
Triacetate: !
The mixture obtained after reducing, demethylating 
and acetylating 25 grams of chrysarobin, as described pre­
viously tinder the preparation of chrysophanic acid, was 
dissolved in 400 ml. of glacial acetic acid and the solu­
tion was cooled. The chrysophanic acid - 9 - anthranol 
triacetate which was formed was crystallized and removed 
by filtration. The filtrate was diluted with water whereby 
a precipitate formed. After completion of the precipita­
tion the precipitate was filtered out and air dried.
34
Preparation of Emodin:
The dried precipitate was dissolved in about 350 ml. 
of hot glacial acetic acid and treated with a solution of 
chromic acid in a small volume of 50 per cent acetic acid} 
using 0.34 grams of chromic acid for each gram of the pre­
cipitate. The mixture was heated to 100°C for about fifteen 
minutes and then diluted with water until no more precipi­
tate formed. The precipitate was filtered out and washed 
with water until the washings were no longer appreciably 
acid. After air drying, it was suspended in 250 ml. of alcohol 
and a solution of 12 grams of potassium hydroxide in 15 ml. 
water was added. The mixture was boiled under reflux for 
three hours, cooled and filtered. The filtrate was diluted 
to about a liter and acidified to Congo Red with hydrochlor­
ic acid. The precipitate which formed was filtered out and 
then stirred well with £00 ml. of 5 per cent sodium carbonate 
solution. The mixture was filtered and the emodin precipi­
tated from the filtrate by acidifying with hydrochloric 
acid. The impure emodin obtained in this manner was puri­
fied by repeated crystallization from alcohol. An orange 
product melting at 253 - 254° was yielded. Gardner (53) 
gave a M.P. of 254 - 256° for emodin.
Spectrophotometric Examination of the
Prepared Anthracene Derivatives:
The maximum absorption of a substance is an important 
criterion for its identification. It also provides a means
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of quantitating the substance under investigation. There­
fore, the transmittancy curves of the pure anthracene 
derivatives prepared previously, were determined.
Each of the anthracene derivatives was examined spec- 
trophotometrically in a similar manner. A 0.1 mgm per 50 ml. 
alcohol solution of each was prepared. These solutions were 
examined at 10 mu intervals between the wave lengths 350 - 
600 mu in a Beckman Spectrophotometer, Model DU. Table IV 
and Figure 2 illustrate the points of maximum absorption of 
aloe-emodin and chrysophanic acid at 430 mu, emodin at 440 
mu, and aloe-emodin-anthranol at 360 mu.
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TABLE IV
Determination of the absorption curves of Aloe-Emodin, Aloe- 
Emodin-Anthranol, Chrysophanic Acid and Emodin.
Wave 
Length 
in mu
Per Cent Transmittancy
Aloe-
Emodin
Aloe-Emodin
Anthranol
Chrysophanic
Acid Emodin
340 2 6 .2
350 93.2 20.0 60.1 56.6
360 93.0 17.0 74.2 51.0
370 91.3 17.3 6$.9 44.2
360 69.0 21.6 57.0 36.7
390 66.0 29.7 47.0 31.2
400 6 2 .6 40.6 37.6 23.5
410 79.2 51.9 30.0 16.0
420 76.7 60.6 2$.l 10.6
430 74.6 6$.2 22.$ 6.6
440 76.4 69.6 26.0 4.6
450 76.6 73.0 30.$ 6.7
460 6 3.O ZS-7 41.2 7.9470 91.0 66.2 67.6 15.0
460 96.0 94.6 66.0 34.0
490 97.6 97.5 97.2 6 4 .6
$00 96.3 96.6 96.9 6 6 .3
$10 96.3 — 100.0 96.2
52$ 96.$ 96.6 — 100.0
550 99.2 99.1
575 99.7 99.4
600 100.0 99.6
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Figure 2
Identification of Constituents
a. Paper Chromatography as a Research Technique (54) 
Around 1360, Schonbein (55), recognized that in filter 
paper strips, water travels faster than the solute in solu­
tion, and that in a mixture of components in solution one 
component travels faster than the others (Rheinholdt (56)). 
This observation was made as the basis for the analysis 
of dyes. Schonbein’s student, Goppelsroeder (57), named 
this analysis of the dyes, using filter paper, "Kapillar- 
analyse." Goppelsroeder applied this method to the separa­
tion of plant pigments, alkaloids, fats and oils, impuri­
ties in food products, etc.... The "Kapillaranalyse" dif­
fered from paper partition chromatography, which was to be 
developed eighty-odd years later, in that no developing 
solvent was used.
The resolution of mixtures of solutes on filter paper 
may depend upon surface adsorption, upon ion exchange, or 
upon partition between solvents. GoppelsmederV • investi­
gations of the capillary ascent of organic and inorganic 
solutes into strips of paper were examples of adsorption 
chromatography. The principle of his analysis was that the 
substances were adsorbed on the filter paper directly from 
their solution, the height of the substance and the sol­
vent front were observed and correlated. The separation 
of materials on strips of filter paper impregnated with
alumina is another example of adsorption phenomena.
Ion exchange may have an effect on the separation of 
substances on paper. In the resolution of mixtures of ions, 
some exchange must occur with polar constituents of the 
cellulose and with impurities present in the paper.
Although adsorption and ion exchange must be present 
to some extent in all chromatographic work on filter paper, 
the predominant factor is usually that of preferential 
affinities of solutes between a non-mobile and a mobile 
phase. Accordingly, the separation of two solutes will 
primarily depend upon differences in partition affinity for 
the adsorbent and their solubility in the solvent. To ex­
plain the mechanism, it is assumed that the water in the 
paper (cellulose structure) forms a static liquid phase 
and the solvent or solvent mixture in the trough constitutes 
a mobile liquid phase. The paper itself is thought of asa n 
inert support holding a stationary aqueous phase. As the 
solvent flows through a section of the paper containing the 
solute, a partition of this compound occurs between the 
mobile organic phase and the stationary water phase. Thus, 
some of the solute leaves the paper and enters the organic 
phase. When the mobile liquid reaches a section of the 
paper containing no solute, partition again occurs. This 
time, solute is transferred from the organic phase to the 
paper phase* With a continuous flow of solvent, the effect
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of this partition between the two phases is the transfer 
of a solute from the point of its application to the paper 
to a point some distance along the paper in the direction 
of solvent flow (54).
The partition of different solutes vary; the difference 
in the partition accounts for faster or slower movement and 
hence the ultimate separation of the constituents of a mix­
ture of solutes. The distance moved by the solute is re­
lated to the distance moved by the solvent. This relative 
rate of movement of solute and solvent is conventionally 
referred to as Rf in partition chromatography:-
Rf* s Distance moved by the Solute 
Mstance moved by the Solvent
Such Rf values are characteristic of different compounds 
in a particular solvent mixture under standard conditions.
Bate-Smith (5&) has studied the conditions necessary to 
obtain accurate Rf values. The following recommendations 
are made: (a) the temperature should be controlled to
0.5°C; (b) the time of running should be constant; (c) the 
paper should be equilibrated with the atmosphere in the 
chamber for 24 hours prior to irrigation with solvent;
(d) one batch of paper should be used for all determinations;
(e) a control substance should be run on every chromatogram.
The great advantage in paper chromatography lies in 
the fact that excellent results may be achieved with simple
41
and inexpensive equipment. Many different methods and tech­
niques have been devised for paper chromatography. Consden, 
Gordon, and Martin (59), in 1944, first reported the suc­
cessful separation of a mixture of amino acids by descending 
paper chromatography. The essentials of the apparatus in 
descending paper chromatography consist of a filter paper 
strip whose upper end is immersed in a trough containing 
the solvent. The strip hangs in an air-tight chamber whose 
atmosphere is saturated with the solvent. The trough is 
provided with a bar over which the paper passes to prevent 
capillary siphoning.
The ascending technique of paper chromatography, which 
was that used by Schonbein, Goppelsroeder, et al,. has many 
advantages over the descending technique, e.g., consistency 
of results, simplicity of apparatus, and the ease with which 
a large number of analyses may be made. The apparatus con­
sists of an air tight chamber of suitable size, and a con­
tainer for the solvent placed at the bottom of the chamber.
The technique of Block (60), combines the better feat­
ures of both ascending and descending chromatography. The 
filter paper sheet containing spots of samples to be analyz­
ed is draped over a glass rod, the long end is immersed into 
the solvent, in such a manner that the solvent climbs by 
capillary action up the paper past the support rod and 
down the other side.
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Among other techniques that appear in the literature 
are the filter paper "chromatopile," reversed phased paper 
chromatography, circular filter paper chromatography and 
paper electrophoresis. However, the three techniques des­
cribed above are the most common in use.
b. Extraction Procedure:
The anthracene derivatives from the powdered specimens 
of drugs were extracted in the following manner:-
Five grams, accurately weighed, of the powdered drug 
was placed in a 100 ml. round bottomed flask, 25 ml. of 
chloroform was added, and the mixture was refluxed for five 
hours. The resulting yellow extract was then filtered, the 
residue washed with chloroform and the filtrate completed to 
25 ml. This yellow solution contained the free anthracene 
derivatives present in the drug.
The filter paper with the residue was returned to 
the original container and refluxed for another five hours 
with 25 ml. of chloroform and 5 ml. of 30% sulfuric acid.
The resulting chloroform solution was separated from the 
aqueous layer. This chloroform extract, which was dark 
orange in color, contained the combined anthracene deriva­
tives freed by acid hydrolysis from their glycosidal com­
bination.
Curacao aloe, Cape aloe, Socotrine aloe and aloin were 
extracted by this method. The chloroformic solutions ob~
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tained in this manner were used for the chromatographic 
analysis•
It was felt that available extracts of anthracene- 
bearing crude drugs analyzed by other chromatographic tech­
niques, such as column chromatography, would help interpret 
properly the effectiveness of paper chromatography in the 
analysis of other vegetable drugs containing anthracene 
derivatives. Therefore, extracts from cascara sagrada were 
also prepared.
c. Chromatographic Analysis of the Extracts:
The method used for the analysis of the drug extracts 
was basically that of Shibata and Takido (50).
Several strips of Chromatographic paper, Whatman No. 1, 
60 cm. long and 4 cm. wide, were prepared. The chloroformic 
test solutions containing the free and combined anthracene 
derivatives prepared above, were spotted with a micro-pipette
on a start line which was drawn at 4 cm. distance from one
•>
of the edges of each of the strips. Volumes of the chlorofar- 
mic solutions ranging from 100 - 250 lambdas were employed. 
The strips were then allowed to air-dry before chromatograph­
ing them.
The chromatography was carried out by an ascending 
method using petroleum ether (b.p. 65-110°) saturated with 
97% methyl alcohol at room temperature. The bottom of the 
tohromatographic jar (30 cm. in diameter and 60 cm. in length)
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was covered to two inches with the above solvent. The cham­
ber was closed tightly and left for about six hours to ensure 
atmospheric saturation.
The strips containing the test solution were stapled on 
a grid made of five glass rods. The ends of the strips bear­
ing the test solution were the farthest from the rods. A 
maximum of 20 paper strips could be hung on the grid at each 
chromatographic run. The strips were transferred to the sol­
vent saturated chromatographic jar which was then complete­
ly sealed to maintain the atmospheric equilibrium. The 
chromatograms were allowed to develop for 10 - 12 hours. Dur­
ing this period, the developing solvent traveled up the 
lower end of the strips.
The strips were removed from the chromatographic jar 
and the liquid fronts marked. After drying, the developed 
paper strips were sprayed with 0,5% methanolic magnesium
o
acetate solution, and the strips then were heated at 100 
for 5 minutes, when a distinct orange, pink or yellow 
coloration appeared (Table V).
Paper strips on which were spotted the pure authentic 
anthracene derivatives previously prepared, were chromato­
graphed simultaneously with the strips containing the test 
solution to indicate the exact Rf values. The Rf values 
were calculated according to the fetation cited previously 
on page 40.
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TABLE V
Color of the spots of the anthracene deriva­
tives with 0.5% methanolic magnesium acetate
Compound Color
Anthranol Yellow
Aloe-emodin Orange at first, then 
turning pink
Emodin Orange at first, then 
turning pink
Chrysophanic acid Orange at first, then 
turning pink
TABLE VI
Rf values of the anthracene compounds
Anthranol Aloe-Emodin Emodin Chrysophanic Acid
1. 0.0974 0.243 0.433 0.937
2. 0.1140 0.249 0.450 0.940
3. 0.0733 0.246 0.457 0.931
4. 0.0800 0.247 0.433 0.939
5. 0.1120 0.245 0.434 0.947
6. 0.0742 0.247 0.435 0.943
7. 0.1000 0.262 0.450 0.923
8. 0.0968 0.245 0.420 0.942
Average 0.0934 0.24# 0.439 0.93#
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Three representative extractions of the free and com­
bined anthracene derivatives of each of the crude drugs in­
vestigated were prepared. The number of chromatograms 
developed from each of these extractions amounted to 15 - 
20 strips.
The Rf values of the anthracene derivatives encountered 
during this investigation appear in Table VI.
To establish the identity of the compounds present in 
each drug investigated, the Rf values of the spots on the 
chromatograms of these drugs were matched with the Rf values 
of the chromatograms of the pure anthracene derivatives. In 
addition, the comparison of the transmittancy curves of the 
alcohol eluted compounds from the unknown chromatograms with 
the transmittancy curves of the compounds eluted from the 
known chromatograms served as a further criterion for identi­
fication. (Tables VII, VIII, IX, X and XI.) The procedure 
used for the elution will be discussed in detail on page 5&.
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TABLE VII
Determination of the Transmittancy Curves of the Anthracene
Derivatives of Cascara Sagrada (From combined extract only)
Wave ____________ Per Cent Transmittancy______________
Length
in mu Anthranol Aloe-Emodin Emodin Chrysophanic Acid
230 0.2
240 4.2
250 6.2
260 5.0
270 4.2
280 5.8
290 8.8
300 17.3
310 33.0
320 39.8
330 41.8
340 43.3
66.8350 44.1
360 45.1 63.8
370 47.0 63.3
380 53.0 64.4
390 62.0 65 a
400 71.8 66.1
410 79.0 65.1
420 83.2 64.I
430 85.1 63.1
440 87.0 65.0
450 88.0 68.2
460 89.1 74.0
470 90.4 85.3
480 92.1 92.8
490 93.5 96.2
500 95.0 97.8
525 96.0
550 96.8 98.8
575 97.1 99.0
600 98.5 99.2
78.0 86.8
76.5 88.0
75.2 88.8
74.6 89.0
73.2 88.5
72.0 87.8
69.2 87.5
67.0 87.0
63.2 86.5
63.0 87.8
64.2 88.8
66.0 90.6
72.5 94.0
82.8 96.0
91.0 97.5
95.8 98.0
97.8 98.0
98.6 9990
99.1 99.4
99.3 99.4
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TABLE VIII
Determination of the Transmittancy Curves of the Anthracene 
Derivatives of Curacao Aloe
Wave   Per Cent Transmittancy ........
Lenth Anthranol "Aloe-Emodin Chrysophanic AcicT
in mu free combined free combined free combined ~
230 0 0.5
240 3.2 6.8
250 9.2 16 .2
260 12.5 18.2
270 17.8 25.4
280 22.0 33.0
290 26.2 41.1
300 34.0 52.0
310 48.0 63.0
320 59.1 69.8
330 65.8 74.0
340 75.0 79.8
88.7 SS*5350 79.0 82.3 91.9 87.0360 83.2 84.1 92.0 87.8 87.8 86.1
370 85.2 85.3 91.0 85.7 88.6 86.6
380 88.0 87.0 89.3 83.4 88.8 86.8
390 91.0 89.0 87.1 80.4 88.8 8 6 .4
400 93.6 91.0 8 4 .8 77.3 8 8 .4 86.0
410 95.2 92.1 82.0 74.8 87.9 84.9
420 96.1 93.0 80.3 71 .2 87.4 84.2
430 96.8 93.8 79.0 69.1 86.8 83.3
440 97.0 94.1 80.3 71.2 88.0 8 4 .8
450 97.1 94.8 82.3 74.2 89.3 86.2
460 - - 86.1 79.7 91.5 89.0
475 98.3 96.2 93.0 90.0 95.3 94.0
500 98.8 9715 99.2 99.4 99.0 98.9
525 - 97.9 99.4 99.5 99.4 99.1
550 99.0 98.1 99.7 100.0 99.8 99.5
600 - 98.9 100.0 — 100.0 100.0
650 99.2 99.5
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TABLE IX
Determination of the Transmittancy Curves of the Anthracene
Derivatives of Cape Aloe
Wave Per Cent Transmittancv
Length Anthranol Aloe--Emodin
in mu Free Combined Free Combined
230 1.0 0.0
240 6.5 1.0
250 16.0 4.0
260 20.0 5.0
270 30.2 8.2
280 36.1 12.2
290 47.0 18.0
300 57.0 2 7 .0
310 6 7 .6 3 6 .8
320 73.0 43.5
330 77.0 5 0 .8
340 86.0 6 3 .8
350 89.2 69.0 96.2 91.0
360 94.0 72.9 97.0 92.0
370 94.5 75.0 97.0 91.5
380 95.0 77.1 - 90*3
390 95.4 81.0 96.8 89.0
400 96.2 85.0 96.0 87.1
410 - 88.0 - 85.0
420 96.3 90.0 95.1 83.6
430 96.2 91.0 94.8 8 2 .1
440 96.2 92.0 95.0 8 3.7
450 96.2 92.2 96.0 85.2
475 97.0 94.9 98.0 93.9
500 96.0 96.8 99.3 98.6
550 99.8 98.5 99.8 99.8
600 99.8 98.8 99.9 99.9
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TABLE X
Determination of the Transmittancy Curves of the Anthracene
Derivatives of Socotrine Aloe
Wave  Per Cent Transmittancy ______
Lenth Anthranol Aloe-Emodin
in mu ""Free combined “Free Combined
230 0.05 0
240 8.0 1.8
250 32.5 10.0
260 37.8 13.5
270 36.5 15.2
280 39.0 20.0
290 44.0 33.2
300 49.0
310 63.8 63.5
320 70.8 72.0
330 74.1 77.8
340 79.1 79.0
350 79.3 80.0 _
360 79.3 80.0 96.5
370 81.0 96.9
330 34.0 8 3 .0 97.1
390 88.8 85.8 97.2
400 93.5 88.8 97.2
410 96.2 91.0 97.1
420 97.6 92.5 97.1
430 98.0 93.3 97.0
440 98.0 93.6 97.2
450 98.3 94.2 97.6
460 - - 96.0
470 - - 99.0
475 99.1 96.1 99.3
500 99.9 97.8 100.0
550 - 96.0 -
94-6 
94. 8
94.2 
93. 6
92.5
91.2
90.0
39.2
83.5
89.2
91.0 
92.8
96.1
98.5
99.6 
100.0
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TABLE XI
Determination of the Transmittancy Curves of the Anthracene
Derivatives of Aloin
Wave  Per Cent Transmittancy______
Length  Anthranol Aloe-Emodin
in mu Free ~ Combined Free Combined
220 0.02 0.05
230 3.0 3.0
240 22,0 29.2
250 2 3 .2 37.0
260 24.2 36.7
270 22.2 40.0
260 23.5 46.0
290 26.0 53.0
300 33.5 6 3 .0
310 49.3 72.3
320 63.0 77.4
330 69.1 60.6
340 7 1 .6 62.0
350 71.0 62.0 94.0 79.1
360 70.5 62.0 94.2 79.1
370 72.0 62.5 94.0 77.2
3 SO 75.3 65.0 93.1 75.3
390 60.6 67.2 92.2 72.5
400 90.0 91.2 91.1 69.4
410 93.5 93.0 90.0 65.3
420 96.0 94.4 39.0 63.1
430 96.6 95.0 66.0 60.5
440 97.0 95.3 39.1 63.3
450 97.3 96.1 90 o 5 67.0
460 97.9 96.4 92.6 73.2
470 93.5 97.3 96.5 35.6
430 99.0 93.0 93.5 93.5
490 99.1 93.4 99.7 96.6
500 99.3 99.0 99.9 93*1
525 99.4 99.0 - -
550 99.6 99.2 100.0 99.0
575 99.6 99.5 mm —
600 99.6 99.5 mm 99.5
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The following findings were reported as a result of 
such an identification.
(1) Cascara sagrada contained anthranol, aloe-emodin, 
emodin and chrysophanic acid;
(2) Curacao aloe contained anthranol, aloe-emodin 
and chrysophanic acid;
(3) Cape aloe contained anthranol and aloe-emodin only;
(4) Socotrine aloe contained also anthranol and 
aloe-emodin;
(5) Aloin contained anthranol and aloe-emodin.
The above constituents were established to be present in 
both the free and combined extracts. In socotrine aloe, 
however, a third spot having an Rf value slightly greater 
than anthranol and an absorption maximum at 430 mu was de­
tected in the free extract only. The author could.not ac­
count for the identity of this spot. It was thought, at 
first, that some tailing of the aloe-emodin spot occurred, 
but repeated experiments under the same conditions revealed 
the separate existence of this extra spot.
At no time in any of the drugs investigated, could a 
compound called "aloe-emodin-anthranol" first described by 
Hauser (19)» be detected on the chromatograms. As a matter 
of fact, the aloe-emodin-anthranol prepared according to 
Hauser’s method, yielded two components on the paper chroma­
tograms treated with 0.$% methanolic magnesium acetate.
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One of these components was aloe-emodin and the other was 
identical with the anthranol compound found in the entire 
series under investigation. Apparently, therefore, the 
compound of Hauser is not a single entity but rather a 
two-component substance.
Tables VII, VIII, IX, X, and XI show that both the 
isolated aloe-emodin and chrysophanic acid exhibit their 
absorption maxima at 430 mu. The isolated emodin present 
only in cascara, showed an absorption maximum at 440 mu.
The isolated anthranol, a compound present in all the drugs 
investigated, showed no absorption peak whatsoever over a 
wide range of ultraviolet and visible portions of the 
spectrum. Thus, anthranol could not be quantitatively 
determined by the same spectrophotometric method used for 
the determination of the other constituents, as no single 
wave length could be chosen for its analytical determina­
tion, All spectrophotometric data cited in the foregoing 
tables, agree with that appearing in the literature, and 
that of the pure samples which served as the standard refer­
ences.
COMPARATIVE QUANTITATIVE STUDIES
1* Preparation of a Standard Curve of Aloe-Emodin:
Ten mgm. of aloe-emodin was accurately weighed and 
dissolved in 100 ml. of alcohol in a volumetric flask. A 
series of dilutions representing various concentrations 
were prepared from the stock solution and their per cent 
transmittancy read on a Beckman spectrophotometer, Model DU.
A calibration curve relating the per cent transmittancy read­
ings with the concentration of aloe-emodin present in the 
series of dilutions was then plotted on a 2 x 10 semi- 
logarithemic paper. Table XII and Figure 3 illustrate 
the results.
2. Preparation of a Standard Curve of Chrysophanic Acid:
Ten mgm. of chrysophanic acid was accurately weighed 
and dissolved in 100 ml. of alcohol in a volumetric flask.
A series of dilutions representing various concentrations 
were prepared from the stock solution and their per cent 
transmittancy determined on a Beckman spectrophotometer, 
Model DU. A calibration curve as that of aloe-emodin was 
prepared. Table XIII and Figure 4 show the results.
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TABLE XII 
Aloe-Emodin Standard Curve
Dilution
ml .Stock 
Dilution
ml.Alcohol 
Dilution
mgm.
Aloe-Emodin
Per Cent 
Transmittancy
0.1 9.9 0.01 90.5
0.2 9.3 0.02 32.1
0.3 9.7 0.03 74.3
0.4 9.6 0.04 67.1
0.5 9.5 0.05 61.0
0.6 9.4 0.06 54.1
0.8 9.2 0.03 45.5
0.9 9.1 0.09 41.0
1.0 9.0 0.10 37.0
1.5 3.5 0.15 23.3
TABLE XIII 
Chrysophanic Acid Standard Curve
Dilution 
ml.Stock ml.Alcohol 
Solution Solution
mgm. 
Chr^ rsophani c Per Cent 
Transmittancy
0.1 9.9 0.01 89.0
0.2 9.3 0.02 80.5
0.3 9.7 0.03 7 2 .2
0.4 9.6 0.04 66.0
0.5 9.5 0.05 59.8
0.6 9.4 0.06 54.0
0.3 9.2 o.oa 44.1
0.9 9.1 0.09 41.0
1.0 9.0 0.10 36.8
1.5 8.5 0.15 21.8
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Per Cent Recovery of Anthracene Compounds from Chromatograms: 
It has been reported in the literature, that in quanti­
tative practice, compounds separated by paper chromatography 
are not recovered completely from the developed chromatograms. 
Whether this was also true of the anthracene compounds was 
not known. It was, therefore, important in this quantitative 
work to find out how much of the compound under determination 
could be recovered. Hence, the purpose of conducting the 
following experiment.
A 200 lambda volumes (0.2 ml.) of a one per cent alcohol 
solution of each of aloe-emodin and chrysophanic acid were 
spotted on the starting line of a number of chromatographic 
strips and were chromatographed ascendingly for 10 - 12 
hours.
Although the aloe-emodin and chrysophanic acid spots 
were easily detected on the chromatograms from their dis­
tinctly yellow coloration, some of the strips were treated 
with 0.5% methanolic magnesium acetate to indicate precisely 
the area of the anthracene derivatives spots on the un­
treated strips*
The untreated paper strips were cut into separate parts 
carrying the aloe-emodin and chrysophanic acid, which were 
then eluted with ethyl alcohol in the following manner: A
trough was placed across the center of a 12 inch desiccator 
at a position higher than the eluant receptacles, which were
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50 ml. beakers. The beakers were correctly labeled, cor­
responding to the test spot placed on the strips originally, 
and were placed along the sides of the trough. The paper 
strips were arranged with one of the ends in the trough 
and the other end in the beaker in such a manner that the 
paper never touched any of the eluant in the beaker. The 
trough was filled with ethyl alcohol and the elution was run 
over-night. To test for complete elution, the strips were 
dried and treated with 0.5$ methanolic magnesium acetate.
The absence of a pinkish coloration on the strips was in­
dicative of complete elution.
The eluants containing the anthracene compounds were 
completed to a 10 ml. volume, their transmittancy deter­
mined spectrophotometrically and the values interpreted 
from the calibration curves- prepared previously.
Table XIV and Table XV show the percentage recovery of 
aloe-emodin and chrysophanic acid from their developed 
chromatograms.
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TABLE XIV 
Percentage Recovery of Aloe-Emodin
Sample
Weight Placed 
on Chromatogram 
in mgm.
Weight Recovered 
from Chromatogram 
in mgm.
Per
Cent
Recovery
1 0.02 0.0175 67.5
2 0.02 0.0130 90 .0
3 0.02 0.0135 92.5
4 0.02 0.0170 65.0
5 0.02 0.0175 67.5;
Average 0.02 0.0177 63.5
TABLE XV
Percentage Recovery of Chrysophanic Acid
Weight Placed Weight Recovered Per
Sample on Chromatogram from Chromatogram Cent
m  mgm. in mgm. Recovery
X 0.02 0.0175 67.5
2 0.02 0.0170 65.0
3 0.02 0.0174 67.0
4 0.02 0.0172 66.0
5 0.02 0.0176 39.0
Average 0.02 0.01736 66.9
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Quantitative Determination of the Measurable 
Anthracene Derivatives of Aloel "" ~~
Extracts of the free and combined anthracene derivatives 
of aloe were prepared by the method described on page 42. 
Depending on the color of the extracts, volumes ranging from 
100 - 500 lambdas were spotted on paper strips and chromato­
graphed ascendingly as previously described. After estab­
lishing the identity of the spots, they were eluted with 
ethyl alcohol, their transmittancy read on a Beckman spectro­
photometer, Model DU and their concentration determined from 
the standard curves, taking into consideration the moisture 
content of the powdered drugs and the percentage of the com­
pounds recovered on elution.
Only the anthracene compounds having an absorption maxi­
mum could be evaluated. These compounds included aloe- 
emodin and chrysophanic acid. The results of the analysis 
of all aloes appear in Table XVI.
The total anthracene content could not be determined 
since anthranol, a compound present in all aloes in the free 
as well as the combined state, could not be quantitatively 
determined by the same spectrophotometric method used for 
the determination of the other constituents, as no single 
wave length could be chosen for its analytical determina­
tion.
6a
TABLE XVI 
Quantitative Studies on Aloe
Curacao Cape Socotrine
Aloe Aloe Aloe
Free Aloe-Emodin 22,620 7*665 2,063
expressed in 21,094 O.506 2,356
22.733 5.912 2.353
22.151 6.701 2.259
Combined Aloe- 150.302 59.116 36.349
Emodin expressed 147.649 57.673 37.693
in mgm %. 150.734 63.560 33.331
149.723 60.116 37.624
Free Chrysophanic 7.670
Acid expressed 7*917
in mgm %. 7.920
7.336
Combined Chryso- 33*733
phanic Acid expressed33*757 
in mgm %. 33.773
33.773
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SURFACE ACTIVE AGENTS STUDIES
1. Introduction (61):
Surface-active agents represent a diverse group of 
chemical compounds which have the common property of modi­
fying the characteristics of a boundary, surface or inter­
face between two liquids or a liquid and a solid or a liquid 
and a gas*
Surface-active agents, or surfactants, as they have 
been named more recently, are characterized by the presence 
of hydrophilic or water solubilizing groups and lipophilic 
or fat solubilizing groups. Such groups as - OSO^ONa, 
-COONa, - SC^Na, - OSC^H and - SOgH give strong hydrophilic 
properties to a compound. The following groups produce this 
effect to a lesser degree: - OH, - SH, - COOH, - Cl, - Br, -
I, - CNS, - CN, - COOR, - NHg, - NHR. Lipophilic groups are
typified by aliphatic hydrocarbon chains, aryl-alkyl groups 
and polycyclic hydrocarbon groups (61).
Surface-active compounds are classified as anionic 
agents when the lipophilic group is present in that part
of the molecule which acquires a negative charge upon ion­
ization. They are classed as cationic agents when the 
lipophilic group is in the cation. A third class, nonionic 
surface-active agents, is characterized by the presence of 
weakly hydrophilic groups and lipophilic groups in non-
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ionizable compounds, which render them water soluble or 
water dispersible.
The mere presence of lipophilic and hydrophilic groups 
is not sufficient to render a compound surface-active. The 
large number of possibilities of introducing groups for the 
purpose of attaining specific hydrophile - lipophile balance 
has given rise to thousands of new compounds having surface- 
active properties (61).
2. Objectives:
The removal of active principles of drug plants has 
not changed materially since methods for such extractions 
have been introduced. Few ideas pertaining to new methods 
of extraction of vegetable drugs have been advanced in re­
cent years. Bay and Gisvold (62) have performed extraction 
studies on digitalis, using the Waring blendor. Greco and 
Dumez (63) used the pressure cooker for the preparation of 
certain galenicals. Dean et al indicated that the use of a 
colloid mill enhances the extraction of belladonna and 
stramonium alkaloids to a considerable degree (64). Except­
ing for the use of the Waring Blendor,the extraction cooker, 
and the colloid mill, there has been little if any change in 
the procedures for the removal of the constituents of drugs.
Surface-active agents have properties which would in­
dicate that they might be of value in the extraction of
crude drugs. Butler and Wiese (65) determined the effect 
of certain nonionic wetting agents in the extraction of alka 
loidal drugs. They concluded that the presence of small con 
centrations of nonionic wetting agents enhanced the removal 
of alkaloids in the percolation of Belladonna Leaf, Hyos- 
cyamus, Ipecac and Cinchona. Einar Brochmann-Hanssen (66), 
studied the effects of some anionic, cationic and nonionic 
surface-active agents on the extraction of alkaloidal crude 
drugs. He reported data which showed that the addition of 
a synthetic surface-active agent to an aqueous menstruum 
will tend to increase the rate of extraction of alkaloids 
from alkaloidal crude drugs. Cationic surface-active agents 
in the form of salts with mineral acids gave the best re­
sults. A preliminary study conducted at the research labor­
atories of the College of Pharmacy of The Ohio State Univer­
sity initiated the possibility of utilizing these agents in 
the extraction of the glycosidal drug, aloe. The following 
investigation was, therefore, carried out to determine if 
it would be possible to affect a more efficient removal of 
such constituents as glycosides, by the introduction of a 
small amount of nonionic, anionic and cationic surface- 
active agents into the extracting menstruum.
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3« Materials:
(a) Cape aloe.
(b) Tween SO (Polyoxyethylene sorbitan monooleate); 
a nonionic surfactant.
(c) Tergitol 06*^ (sodium sulfate derivative of 2-ethyl 
hexanol-1); an anionic surfactant.
(d) Cetab*^ (cetyltrimethyl ammonium bromide); a cation­
ic surfactant.
Both Tween #0 and tergitol OS are liquids; cetab is a
powder.
Procedures:
Aqueous extracts of Cape aloe were prepared according 
to the U.S.P. XIV (7) method previously described on page 26 
using 0.25%, 0.5$ and 1% concentrations of Tween SO, Tergi­
tol OS and Cetab. Control samples were prepared simultan­
eously for the purpose of comparison. The aqueous extracts 
were evaluated for the amount of water soluble extractive, 
surface tension and pH. Surface tension measurements were 
carried out by means of a Cenco-DuNoiiy tensiometer, Preci­
sion direct reading Model, serial No. 509, and a Beckman 
model G pH meter was used for determination of the pH. The 
results for all the experiments appear in Tables XVIII,
XIX and XX.
5(1) Courtesy of Atlas Powder Co., Wilmington 99* Delaware* 
*(2) Courtesy of Carbide and Carbon Chemical Corp., 30 E.
42nd St., New York 17, N.I.
*(3) Courtesy of Rhodes Chemical Co., 417 Cleveland Ave.,
- Plainfield, N.J.
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As can be seen from these three tables, more water 
soluble extractive was obtained by treatment of Cape aloe 
with various concentrations of the surfactants than was ob­
tained from the control samples. The question then arose 
whether this extra extractive was of an active nature or 
whether it consisted merely of inert material. It was, 
therefore, thought that some guidance might be obtained 
on this problem, by estimating the amount of free and com­
bined anthracene derivatives present in the various water 
soluble extractives obtained.
The method used for the estimation of the free and com­
bined anthracene derivatives was substantially that of 
Kussmaul and Becker (67), modified later by Forsdike (1+5)• 
The details of the method were as follows:
One gram of Cape aloe, finely powdered, was macerated 
in about 70 ml of distilled water, or solution of the sur­
factant in distilled water, in a suitable flask. The mix­
ture was shaken during 6 hours at 30 minute intervals and 
then allowed to stand for 16 hours without shaking. The 
mixture was filtered and the flask and residue then washed 
with small portions of distilled water. The washings were 
passed through the filter, until the filtrate measured 100 
ml, A ten ml. aliquot of this aqueous solution was com­
pletely extracted with ether. The ether solution was then 
washed with two 5 ml. portions of distilled water. The
6S
ethereal extract thus obtained contained the free anthracene 
derivative of Cape aloe. To obtain the combined anthracene 
derivatives of Cape aloe the aqueous layer left after the 
ether extraction above was mixed with the two distilled water 
washings and diluted to 25 ml. with water. Twelve and a 
half ml. of concentrated hydrochloric acid were then added 
and the mixture heated in a boiling water bath for 15 
minutes. The solution was cooled, made just alkaline with 
a solution of sodium hydroxide and transferred into a 
separator. It was then made just acid with dilute hydro­
chloric acid and completely extracted with ether again.
The ethereal extracts containing the free and combined 
anthracene derivatives were each extracted with 3 quantities 
of 5 ml- of N/l sodium hydroxide, collecting the aqueous 
layers in a flask. To the contents of each flask 0.3 ml. 
of a solution of hydrogen peroxide (10 volumes) was added 
and heated in a boiling water bath for 4 minutes. Each 
solution was rapidly cooled, transferred to a graduated 
flask and diluted to 25 ml. with N/l sodium hydroxide. The 
orsangs color of the resulting solutions was determined with 
a Bausch and Lomb spectronic 20 colorimeter at 500 mu wave­
length, and the concentration read by reference to a cali­
bration curve prepared from pure aloe-emodin in solution
of N/l sodium hydroxide.
The results were calculated in terms of aloe-emodin,
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since this is the constituent present most abundantly in 
aloe. The data of all analyses are listed inuTables XVIII, 
XIX and XX.
Preparation of a Calibration Curve:
Ten mgm. of pure aloe-emodin was accurately weighed and 
dissolved in 250 ml. of N/l sodium hydroxide. Suitable 
volumes of this solution were diluted to 15 ml. with N/l 
sodium hydroxide, 0.3 ml. of solution of hydrogen peroxide 
(10 volumes) added, and the mixture heated in a boiling 
water bath for 4 minutes. The solutions were cooled rapidly 
completed, to 25 ml. with N/l sodium hydroxide and their 
colors determined in a Bausch and Lomb spectronic 20 colori­
meter at 500 mu wavelengths. The percent transmittancy 
readings were plotted against the concentration of aloe- 
emodin present in the series of dilutions.
Since the absorption peak of the final alkaline solu­
tion has been found to be 500 mu (6&), all measurements, 
therefore, were taken at this wavelength.
Table XVII and Figure 5 illustrate the results.
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TABLE XVII
Aloe-Emodin Calibration Curve (for Surface Active Agents Study)
Dilution
ml.Stock Solution ml.N/l NaOH added
mgnu
aloe-
emodin
Per cent 
trans- 
mittancy
1 24 0.04 66
2 23 0.06 76
3 22 0.12 66
4 21 0.16 61
5 20 0.20 54
7 id 0.26 42
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TABLE XVIII
Tween 50 Experiments.
Concen­
tration
Water Soluble 
Extractive 
Gm %
Free Anthra­
cene Deriva­
tive mgm #
Combined Anthra­
cene Derivatives Surface 
mgm # Tension pH
Control
0.25#
0.50$
1.0#
69.25 195 416 57.3
70.44 196 435 56.0
67.12 156 416 S Ht k .w "TST 423 50 .2
50.16 215 488 42.5
52.52 235 466 41.3
50.76 225 488 2^3 *3
81.15“ 228 4 s r 42.5
57.45 260 518 43 .0
55.25 272 490 41 .5
262 480 43.3
56.8? 265 495“ 42 .0
97.60 300 530 42 .6
95.96 292 532 42 .0
97.00 292 554 41.4
97-W 295 539^ 42.6
4.67
4.60
4.65
*3to
4.75
TABLE XIX
Tergitol 08 Experiments
Water Soluble Free Anthra- Combined Anthra- 
Concen- Extractive cene Deriva- cene Derivatives Surface 
tration Gm # tive Gm % mgm $ Tension pH
71.92 193 416 54.9
Control 69.92 196 433 54.8 4.67
68.28 136 416
70.64 193 r a 5* .9
77.96 352 354 46.5
0.25# 77.03 356 48.9 5.65
m -
344
351
336
371
46.1
47.8
32.55 416 374 44*4
0.5<# 79.20 413 354 44.0 5.95
33.36 406 334 44 .8
00 H . 3 ~ocr 354 44.4
32.03 443 394 43.1
1.0# 36.56 436 374 44.5 6 .40
33.72
84.12 -Hl-
383
355 - 8 £ -
TABLE XX
Cetab Experiments
Concen­
tration
Water Soluble 
Extractive 
Gm #
Free Anthra­
cene Deriva­
tive mgm #
Combined Anthra­
cene Derivative 
mgm #
Surface
Tension pH
Control
0.25#
0.50#
70.40
|7 .5 |
i
73.32 
75.OS
2.52 
ar
30.2$ 
SI. 52
53.32 
TaTTT
195
196 
1S6
W
21S
21S
20S
T J T
240
250
23S
it?
416 54.2
43 S 56 .2 4.67
&•?423 55.6
490 44*9
512 43.4 4.0
490 43.2
497 43.8
47S 43.1
470 43.1 3.95
46S 43.2
472 43.1
■p-
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DISCUSSION
Compare Studies on Aloe:
in be seen from Tables II and III, the Curacao and 
Cape tsamples yielded water soluble extractive well with­
in thc'icial limits of the U.S.P. and B.P. The Socotrine 
aloe le, however, did not meet the U.S.P. or the B.P. 
requiats for water soluble extractive. This is in ac­
cord iprevious reports which confirm the inferiority of 
Socot] aloe (45)*
'results of the U.S.P. method (Table II) showed that 
Curacloe was superior to Cape aloe on the basis of the 
waterible extractive. The results of the B.P. method 
(TablO showed that both Cruacao and Cape aloe contained 
almost same amount of water soluble extractive. This 
diffes in results of the two official methods may be 
attril to the slight variations in the procedures em­
ploye
rature reports, in general, indicate that Curacao 
aloe is more water soluble extractive than Cape aloe.
Few ps, however, indicate the reverse being true.Such 
varias are usually expected due to differences in age, 
climahd habitat. Although there was not much differ­
ence Ben Curacao aloe and Cape aloe on the basis of the 
wateruble extractive, it was shown in this work that 
Curacloe far supercedes Cape aloe in its content of
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anthne derivatives (Table XVI). This will be discussed 
in dL later.
liras necessary in the type of study undertaken here, 
that3 pure authentic substances be prepared to serve as 
a bafor contrast and comparison. Accordingly, aloe- 
emodaloe-emodin-anthranol, chrysophanic acid and emodin 
in tkrest state possible were prepared. Vacuum subli- 
matias found to be very useful in affecting the purity 
of akmodin, chrysophanic acid and emodin, Aloe-emodin- 
anthi, however, was affected materially by sublimation 
undeisuum and thus it was purified by repeated crystal- 
lizai from glacial acetic acid.
1 the authentic samples available at hand, the 
qualive identification of aloe proceeded. Since the 
anthne derivatives in aloe occur in the free state as 
wellLn glycosidal combination, extracts representing 
bothi prepared. Refluxing aloe with chloroform ex- 
tracthe free anthracene derivatives while the combined 
anthaes were freed by treatment with an acid; in this 
inveation 30% sulfuric acid was used.
l of the free and combined anthracene containing 
extriwas analyzed for its constituents chromatograph- 
icali Paper chromatography has been applied by Shibata 
and lo (50) recently in the analysis of various com- 
merieources of rhubarb with promising results. It was,
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therefore, felt that if this chromatographic technique 
could be utilized successfully in the analysis of aloe, it 
might help clear up the existing confusion regarding the 
constituents of aloe.
Ascending paper chromatography was chosen over other 
chromatographic methods because it is less elaborate, in­
volves less apparatus and a larger number of analyses 
could be made.
Petroleum ether (B.P. 65 - 110) saturated with 97$ 
methyl alcohol proved very satisfactory as a developer. 
Complete separation could be affected with it in 10 - 
12 hours or even less.
Although the spots on the chromatograms could be de­
tected without any staining, the application of a 0.5$ 
solution of magnesium acetate in methyl alcohol colored the 
spots pink or yellow and revealed them more distinctly. 
Solutions of alkali materials such as sodium, potassium or 
ammonium hydroxide could also serve as coloring agents, 
but experimentally magnesium acetate was found to be the 
most practical.
frrom a knowledge of the Rf values (Table VI) of the 
known substances and also from spectrophotometric analysis 
of the alcohol eluted spots, the identity of each of the 
anthracene compounds of aloe, aloin and cascara sagrada was 
established.
nExperiments conducted on Curacao aloe revealed the 
preseaf anthranol, aloe-emodin and chrysophanic acid. 
The a&nol was identified on the basis that it conformed 
to prasly reported characteristics in that (a) it ex- 
hibito absorption peak at any wave length over a wide 
range rtie ultra violet and visible portions of the 
specti (b) it gave a yellow color with alkalies instead 
of th&nge or pinkish coloration characteristic of the 
otheriracene derivatives. This yellow coloration was 
also ted by Gibson and Schwarting (4 6 ) and by Brody, 
Voigt Maher (31) who employed an alkaline chromato- 
graphilumn for separating the anthracene derivatives 
of caa sagrada and Curacao aloe, respectively.
1aloe-emodin and chrysophanic acid showed an ab- 
sorptaaximum of 430 mu. This follows the conclusion 
reachf Elvidge (6 9) that compounds of a homogenous 
serie&ally show similar spectral transmittancy curves 
diffeionly slightly in areas of maximum absorption.
4 time could iso-emodin, a compound isolated by 
Brody fgt and Maher (31) by column chromatography be 
detectn the paper strip chromatograms of Curacao aloe; 
chrysaic acid was found instead. Iso-emodin has also 
been rted by Gibson and Schwarting (1+&) to be present 
in thek of cascara sagrada. The author, therefore, was 
tempte separate the constituents of the bark by paper
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chcography and compare the findings with those of Gibson 
anawarting. The attempt of separation was successful and 
thesence of anthranol, aloe-emodin and emodin was veri- 
fii Again, no iso-emodin could be found in the bark; chryso- 
phacid was found present instead.
literature survey of iso-emodin and chrysophanic acid 
re? very intriguing data. Thorpe and Miller (70) in 
th*rork on Frangula bark in 1692, isolated a golden yellow 
cond which melted constantly at 202 - 203°. This sub- 
stt they stated, was the same substance discovered ear­
lier Schwabe (71) in 1666 who reported a ra.p. of 199° for 
itihwabe was unable to determine the composition of the 
cond but he related it to emodin. Thorpe and Miller 
depd the compound to be in all probability isomeric 
wiuodin. It differed from emodin in color, melting 
po; and its insolubility in cold ammonia; it was spar- 
insoluble in hot ammonia.
>wett (7 2) in 1904 isolated from cascara bark a com- 
ponelting at 163° that was insoluble in ammonia also.
Height of it as being identical with the compound ob- 
ta; by Thorpe and Miller from frangula bark. Jowett 
cai the compound iso-emodin.
reen, King and Beal (73) reported iso-emodin as hav- 
inpelting point of 215° and Keimatsu and Hirano (74) 
esished this value by synthesis.
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'came the chromatographic work on cascara by
Gibsoi Schwarting (48) in 194& whose results revealed
the pnce of anthranol, aloe-emodin, emodin and a com-
o
pound;ing at 180 • They considered the compound melting 
at I8tid which was insoluble in ammonia as iso-emodin.
At no3 was a layer of material obtained in their work 
whiehLd be interpreted as chrysophanic acid. Chryso- 
phanild was reported to be present in cascara sagrada 
by Leice (75) and Liddell, King and Beal (76). Jowett
(72) ;>wing the procedure of Le Prince did not obtain 
chrysaic acid. Gibson and Schwarting repeated the work 
of Lit, King and Beal and were unsuccessful in obtain­
ing cbphanic acid.
f, Voigt and Maher (31) in their work on Curacao 
aloe i isolated a compound melting at 183°. The com­
pound insoluble in ammonia and was considered iso- 
emodii
i>uld be noticed from the preceding review, iso- 
emodis been r eported by various researchers to have a 
meltiaint ranging from 180 - 215°. The 215° melting 
pointprobably the most reliable since it was established 
to be; of iso-emodin prepared by synthesis. Chryso- 
phanild has always been reported to have a melting 
pointL93 - 196°. One might, therefore, well interpret 
theseeing point figures as indicating that chrysophanic
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acid and iso-emodin are being confused by some of these 
investigators•
In this study, iso-emodin could not be encountered at 
all on the paper strip chromatograms of either Curacao aloe 
or cascara sagrada. The compound detected instead was 
chrysophanic acid. It was established to be chrysophanic 
acid for three reasons. First, it was soluble in ammonia 
giving a positive Borntrager reaction (44); iso-emodin does 
not dissolve in ammonia and thus gives a negative Borntra­
ger reaction. Second, it gave an Rf value identical with 
the Rf value of a known pure sample of chrysophanic acid 
having a melting point of 196°. This Rf value coincided also 
with the Rf value of chrysophanic acid prepared and chroma­
tographed by Shibata and Takido (50). These two investiga­
tors found that anthraquinone compounds having two hydroxyl 
groups and one methyl group in their anthracene nucleus 
such as chrysophanic acid and its isomers usually yielded 
a very high Rf value (0.92). The introduction of a third 
hydroxyl group into the anthracene nucleus as in emodin 
and iso-emodin gave a lower Rf value. Third, it had the 
same absorption maximum as the pure chrysophanic acid 
prepared.
In summary, the presence in Curacao aloe of anthranol 
and aloe-emodin, and the presence in cascara sagrada of 
anthranol, aloe-emodin and emodin has been substantiated.
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However, iso-emodin reported to be present in both these 
drugs was not detected in this investigation, Chrysophanic 
acid was established to be present instead, Chrysophanic 
acid has been isolated from Curacao aloe by Chopra and Ghosh
(28) in 1938, and from cascara sagrada by Le Prince (75) 
and Liddell et al (76), Its presence in these two drugs 
has, therefore, been verified.
The presence of only anthranol and aloe-emodin was 
detected in Cape and Socotrine aloes. No chrysophanic acid 
could be detected on the chromatograms of their extracts.
As mentioned earlier7 a third constituent having a slightly 
higher Rf value than anthranol was spotted on the chromato­
grams of the free extracts of Socotrine aloe.. This extra 
component had an absorption maximum of 430 mu also. Its 
identity could not be established.
The aloin sample was found to contain only anthranol 
and aloe-emodin. As stated previously, the chemical com­
position of aloin differs according to its commercial 
source. Since no chrysophanic acid could be spotted on 
the chromatograms of its extracts, it was concluded that 
the aloin sample was not obtained from Curacao aloe.
At no time in any of the drugs studied, could aloe- 
emodin-anthranol first described by Hauser (19), be detect­
ed on the chromatograms. The pure aloe-emodin-anthranol 
prepared according to HauserTs method yielded two compon­
S3
ents upon chromatographing it. One of these components was 
aloe-emodin and the other component was identical viith the 
anthranol present in all the drugs investigated here. 
Apparently, therefore, the compound of Hauser is not a 
single entity but rather a two component substance.
For the quantitative determination of the constituents 
of aloe, calibration curves of aloe-emodin and chrysophanic 
acid were prepared (Tables XII and XIII and Figures 3 and 
4)« Since in any chromatographic work, the constituents 
are not completely recovered from the chromatograms on elu­
tion, percentage recovery determinations on known samples 
of aloe-emodin and chrysophanic acid were carried out. It 
was found that about 12 - 13 per cent of each constituent 
was lost on the chromatograms even though elution appeared 
to be complete (Table XIV). Completion of elution was as­
certained by treating the eluted strips with the methanolic 
magnesium acetate reagent. The absence of a pinkish colora­
tion after drying was indicative of complete elution. No 
definite satisfactory explanation has been reached which 
accounts for the loss on elution. The seemingly complete 
elution might be, in reality, an imcomplete one for the 
reagent methanolic magnesium acetate may be insensitive to 
traces of these anthracene derivatives.
In reference to Table XVI, it can be seen that only 
aloe-emodin and chrysophanic acid were quantitated. Both 
of these compounds exhibit a maximum absorption at 430 mu
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wavelength which makes possible a quantitative evaluation of 
these two compounds in the crude drugs containing them. An­
thranol, the anthracene derivative present in all aloes, did 
not show any absorption peak. Thus it could not be quanti­
tatively determined by the same spectrophotometric methods as 
the other constituents. Accordingly, the total anthracene 
content of aloe could not be determined; only the measurable 
constituents were quantitatively evaluated.
The data in Table XVI reveal that the free extracts of 
aloe contained far less anthracene compounds than the com­
bined extracts. In Curacao aloe, approximately one-seventh 
of the aloe-emodin and one-fourth of the chrysophanic acid 
were found in the free state. In Cape aloe, one-ninth of 
the aloe-emodin occured free and in Socotrine aloe approxi­
mately one-seventh of the aloe-emodin was free. These 
findings support the fact that anthracene derivatives are 
present chiefly in glycosidal combinations.
The data in Table XVI show also that there was a con­
siderable difference in the aloe-emodin content in the three 
varieties of aloe investigated. This difference was a sig­
nificant one. Curacao aloe was found to be the richest in 
the amount of aloe-emodin present. It contained approximate­
ly 2.5 times as much aloe-emodin as Cape aloe and 4 times 
as much aloe-emodin as Socotrine aloe. In addition, Curacao 
aloe contained a considerable amount of chrysophanic acid 
also. It is condluded, therefore, that Curacao aloe is far
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superior in quality to either Cape or Socotrine aloes*
Surface Active Agent Studies on Cape Aloe:
In reference to Table XVIII, it can be seen that Tween 
30 in 0.25, 0*50 and 1.0 per cent concentrations removed 
more water soluble extractive than the control. The extra 
water soluble extractives were of an active nature. This 
was confirmed by assaying the control and Tween 30 treated 
samples according to the method of Forsdike (45). The re­
sults showed that there was a marked increase in the amount 
of free and combined anthracene derivatives extracted with 
any concentration of Tween 30 added. The increase in the 
amount of free and combined anthracenes was in direct 
proportion to the concentration of Tween 30 employed.
With Cetab, a cationic surfactant, results somewhat 
similar to the Tween 30 experiments were obtained. Examina­
tion of the data in Table XX reveals that more water solu­
ble extractive was yielded with various concentrations of 
Cetab than with the control. Also, these extra water solu­
ble extractives contained more free and combined anthracene 
derivatives than the control samples. It is to be noticed, 
however, from a comparison of the data in Tables XVIII and 
XX that Cetab with each concentration used, extracted sig­
nificantly less water soluble extractive and almost as much 
free and combined anthracene derivatives as the correspond­
ing concentration of Tween 30. Hence, Cetab extracts less
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inert material than Tween SO and is therefore preferred to 
Tween SO when applied to the extraction of glycosidal 
bearing drugs. Unlike Tween SO, Cetab did not increase the 
amount of combined anthracenes in direct proportion to the 
concentration employed. From Table XX it can be seen that
0.5 per cent Cetab extracted less combined anthracenes than 
the 0.25 per cent Cetab. This conflict could not be ac­
counted for by the author. Probably more assays would have 
been necessary before justifying a reason for such a dis­
crepancy.
Some unusual results were obtained in using Tergitol 
OS, an anionic surface active agent. Although it extracted 
consistently more water soluble extractive with increasing 
concentrations than the control, the analysis of the free 
and combined anthracene showed results different from the 
previous two surface active agents. Table XIX reveals that 
there was a very marked increase in the amount of free an­
thracenes as compared with the control samples. Apparently, 
Tergitol 0$ is in some way hydrolyzing or breaking the glyco­
sidal combination of the anthracenes and is thus increasing 
the amount of free anthracenes at the expense of the combined 
ones. This breaking down of the glycosidal anthracene de­
rivatives is not desirable at all, since experimental data 
recorded in the literature indicate that the main purgative 
activity of the anthracene derivatives is shown when they
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are in the glycosidal form (77)* Tergitol 03, therefore, 
is not recommended for the extraction of glycosidal drugs.
In conclusion, Cetab and Tween 30 are best for the 
extraction of glycosidal drugs. Tergitol 03 did not prove 
effective.
The mechanism by which the efficiency of extraction is 
increased by the use of surfactants is not known. Surface 
tension and pH measurements did not give any satisfactory 
explanation of such a mechanism. Surface tension was de­
creased to the same extent with all concentrations of sur­
factants employed, yet the amount of free and combined an­
thracenes increased proportionally with an increase in con­
centration. pH data as well did not offer any convincing 
interpretation. A factor to consider is the increased 
solubility of the glycosides in the solvent by the use of 
these wetting agents. That increased solubility may re­
sult is illustrated by the work of Monte-Bovi (7#) and 
r Steen et al (79), who used surface active agents for solu­
bilizing essential oils in the preparation of aromatic 
water concentrates. The solubilizing effect of the wetting 
agents has been offered also as an explanation in the work 
of E. Brochmann-Hanssen (66) on alkaloidal drugs.
The alternative explanation is that it may be the addi­
tion of the surface active agent which increases the pene­
tration of the drug material by the solvent.
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SUMMARY AND CONCLUSIONS
I• Identification of Constituents:
The constituents of Curacao aloe, Cape aloe, Socotrine 
aloe, aloin and cascara sagrada were successfully separated 
for the first time by the use of ascending paper chromato­
graphy, using Whatman No. 1 filter paper and petroleum ether 
(B.P. 65 - 110) saturated with methyl alcohol as the solvent. 
The results of the experiments conducted lead to the follow­
ing conclusions:
1. The average Rf values established for the constitu-
2. The constituents detected in Curacao aloe were 
anthranol, aloe-emodin, and chrysophanic acid.
3. The constituents detected in Cape aloe were an­
thranol and aloe-emodin.
4* The constituents detected in Socotrine aloe were 
anthranol, aloe-emodin and an unidentified compound.
5* The aloin sample used contained anthranol and 
aloe-emodin.
6. Cascara sagrada contained anthranol, aloe-emodin, 
emodin and chrysophanic acid.
ents of these drugs were as follows:
Anthranol
Aloe-emodin
Emodin
0.0934
0.243
0.439
Chrysophanic Acid 0.933
7. Aloe-emodin-anthranol, whose presence in aloe has 
been reported in the literature, could not be de­
tected as a single entity in any of the official 
varieties of aloe*
The compound aloe-emodin-anthranol prepared accord­
ing to Hausers (19) method yielded two components 
upon chromatography* These two components were 
anthranol and aloe-emodin*
9* Iso-emodin previously reported present in Curacao 
aloe and cascara sagrada was not detected in either 
of these two drugs.
II* Quantitative Studies:
A* The water soluble extractive in each of the aloes 
was determined according to the U.S.P* XIV and B*P* 1953 
Methods* The following conclusions were drawn:
1. Curacao and Cape aloes met the official requirements 
of the U.S.P. XIV and B.P. 1953 for water soluble 
extractive. Socotrine aloe did not confirm to the 
official requirements of either of the texts.
2. Curacao aloe yielded more water soluble extractive 
than Cape aloe when determined by the U.S.P. XIV 
Method•
3. Curacao aloe yielded almost the same amount of water 
soluble extractive as Cape aloe when determined by 
the B.P. 1953 Method.
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4* The amount of water soluble extractive in Curacao 
aloe and Cape aloe was almost twice that obtained 
from Socotrine aloe.
B. Curacao, Cape and Socotrine aloes were assayed for 
some of their anthracene constituents, after separating them 
by paper chromatography. Since these anthracene constitu­
ents are present free and combined as glycosides, extracts 
representing both were prepared and analyzed. From the re­
sults obtained the following conclusions were drawn:
1. The anthracene derivatives were present in far 
greater quantities in glycosidal combination than 
in the free state.
2. The total aloe-emodin content in Curacao aloe was 
three times as much as in the Cape aloe and four 
times as much as in Socotrine aloe.
3. Curacao aloe contained also chrysophanic acid which 
increases further the amount of anthracene deriva­
tives present in this drug as compared to Cape and 
Socotrine aloes.
4. The order of the superiority of aloes according to 
their measurable anthracene derivatives content 
is: Curacao, Cape, Socotrine.
III. Surface Active Agents Study:
The effect of 0.25$, 0.50$, and 1.0$ concentrations of 
Tween £0 (a nonionic surfactant), Tergitol 08 (an anionic
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surfactant), and Cetab (a cationic surfactant) in enhancing 
the efficiency of the extraction of Cape aloe, was investi­
gated. The following conclusions were drawn:
1. More water soluble extractive was obtained with 
each surface active agent used than with the con­
trol. The increase in water soluble extractive was 
proportional to the concentration of surfactant used.
2. Tween 80 increased the amount of free and combined 
anthracene derivatives extracted from Cape aloe.
This increase was proportional to the concentra­
tion of Tween 80 used.
3. Cetab was as effective as Tween 80 in affecting 
the extraction of free and combined anthracene de­
rivatives from Cape aloe. It had the advantage of 
removing less inert material than Tween 80.
4. Tergitol 08 set free the anthracene derivatives from 
their glycosidal combination, and thus increased the 
amount of free anthracene derivatives considerably. 
This is not favored since the anthracene derivatives 
are active therapeutically mainly as glycosides. 
Tergitol 08 is, therefore, not recommended for the 
extraction of glycosidal drugs.
8. The mechanism by which efficiency of extraction is 
increased is probably one of increased solubiliza­
tion of the anthracene derivatives in the presence 
of the surface active agent.
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